Introduction
In recent years, there has been a noticeable increase in awareness and interest in facial aesthetics (1). The aesthetic benefits are among the main goals of orthodontic treatment, and clinicians are often asked about possible changes in the profile caused by certain treatment plan. The fact that dental extractions may cause a "flat face" (2) due to excessive retraction has discouraged this type of treatment protocol. However, extractions can benefit the profile when properly indicated (3). To protect the lip and the facial profile, Nance (4,5) suggested the extraction of first superior premolars and second inferior premolars. The choice among the possible sequences of premolar extraction is based on clinical observations, with little scientific support (6).
The study of beauty and harmony in the facial profile has long been a priority in orthodontic practice (7). Treatment mechanics have become more effective, thereby increasing the importance of soft tissues in both the diagnosis and treatment results. Holdaway (8) and Burstone (9, 10) are among the many scholars who have emphasized the importance of soft tissues in diagnosis (7).
There is general agreement that orthodontic treatment can influence the soft tissue profile of the face, but there is still disagreement on the magnitude of soft tissue response regarding changes in tooth position and alveolar process. Based on these points and using the Holdaway soft tissue analysis, this study was designed to evaluate the effects of three prescribed premolar extraction sequences (G 40, G 44 and G 45) on the lateral facial profile.
Methods
The sample was retrospectively selected from the private practice of three orthodontists certified by the Brazilian Board of Orthodontics and Dentofacial Orthopedics. The initial (T1) and final (T2) profile teleradiographies of 87 patients treated orthodontically with fixed edgewise appliances were divided into the following three groups according to the sequence in which premolars were extracted: 22 patients treated with extractions of the first two superior premolars, adopted as the control group (Group 40); 43 patients treated with extractions of the four first premolars (Group 44) and 22 patients treated with extractions of first superior premolars and second inferior premolars (Group 45). The mean age was 15 years (ranging from 11 to 18 years of age), with 31 boys and 56 girls. Treatment time was 3 years (ranging from 2 to 5 years).
The orthodontic mechanics included fixed edgewise appliance with 0.022"×0.028" slot brackets and a typical sequence of arches, starting with 0.0175" coaxial or 0.016" nickel titanium, followed by 0.016", 0.018", 0.020", and 0.019"×0.025" steel arches (3M Unitek, Monrovia, CA). Next, sliding mechanics were used to close residual spaces.
The sample was selected based solely on the premolar extraction sequence, regardless of other dentoalveolar or skeletal characteristics. Additional inclusion criteria for this study were (1) all patients had their premolars extracted as part of their consented treatment plan; (2) all patients were Caucasian, without congenitally missing teeth or previous extractions; (3) all permanent teeth were present up to the second molars; (4) good quality of the pre-and posttreatment radiographs, taken with the lips relaxed, teeth in occlusion, and using the same cephalosta (5) no prior use of functional appliances or orthognathic surgery between the two radiographs; (6) fully closed gaps at the end of treatment; (7) gaps closed with 0.019"×0.025" steel arches; and (8) where possible, maintenance of the intercanine and intermolar distances.
The radiographs were taken in centric occlusion, according Broadbent's technique (12) , with lips at rest, as defined by Burstone (10) . The cephalometric tracings in each profile teleradiography were performed manually by the same investigator and the cephalometric points were digitized into the Dentofacial Planner software (2.0 Toronto, Ontario, Canada) to obtain the cephalometric measurements. Nine linear and two angular measurements demarcated as per Holdaway (8) and defined by Basciftci et al. (13) were analyzed ( Fig. 1 and 2) . 
Error Assessment
To assess the intra-examiner error, 30 lateral teleradiographies were randomly selected and traced again after a 3-week interval. To evaluate the agreement between the first and second measurements, we used Student's t test for paired samples at a 5% significance level. None of the measurements presented significant differences, which confirmed the calibration of the examiner.
Comparative analysis among the groups in the sample
The changes from T1 to T2 were evaluated to determine statistically significant variations that occurred separately in each of the groups.
Statistical Analysis
Normal distribuition of the data was confirmed by the nonparametric Kolmogorov-Smirnov test, and parametric tests were therefore applied. Initial (T1) and follow-up (T2) measurements were compared by Student's t-test for paired samples. Comparison among groups, was performed with analysis of variance (ANOVA). The results were considered statistically significant at a level of 5%. All statistical tests used to process and analyze the data were performed with SPSS software package (SPSS 10.0., Chicago, III). Intergroup analysis (Table 2) The results of the ANOVA test indicate that only the measurement Inferior sulcus to the H line showed a significant difference among the study groups (P<0.05). There was a greater increase in Inferior sulcus to H line for Group 44. 
Results
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Discussion
The growth process creates, by itself, facial changes. Therefore, the goal of many studies has been to establish a prognosis of the changes that will occur in the faces of patients under the cumulative effect of growth, development, and orthodontic treatment (14). This work was performed with patients in an active growth age group, which was part of the study inclusion criteria. Additionally, the study sample was compatible in terms of age at the beginning and end of treatment and in the duration of treatment (3,15). According to Talass (16) , growth is associated with minimal changes in the soft tissues when the treatment period does not exceed 36 months.
Intragroup analysis (Tables 1 and 3)
The nose prominence increased significantly in all three groups. This increase was favorable because the values were all sub-standard at the beginning of treatment. Hoffelder and Lima (17) highlighted the aesthetic implications of the size and shape of the nose, which changes up to 18 years of age. Subtenly (18) recommends that treatment during adolescence should be completed with more prominent lips due to the large expected increase in the nose and chin. Castro (5) comments that the nose "is individual", i.e., it is difficult to predict its growth because it varies significantly during the treatment period and from one patient to another. A number of studies have suggested evaluating the posture of the lips and the aesthetics (19,20) but most are influenced by nose growth. Holdaway (8) removed nasal influence from the labial posture assessment (7). The Holdaway's soft tissue analysis is the only one that determined values for the upper lip sulcus depth (2, 8) .
There is a need to consider the upper lip curve during the treatment plan to reduce the potential for undesirable expressions in this region, apparently as a result of an excessive retraction of the upper and lower teeth during treatment. Premolar extraction sequences The upper lip sulcus depth and the extent of soft tissue subnasale to H were, on average, significantly reduced after treatment in all groups. Wholley and Woods (6) and Moseling and Woods (11) found large individual variation, with both increases and decreases in the two measures. In this study, only Group 40 showed both increases and decreases in the upper lip sulcus depth (Fig. 3) . Holdaway (8) indicated that skeletal profile convexity is not really a measure of soft tissue; instead, convexity is directly related to the harmonious position of the lips, being a reference of the dental relationship necessary to create balanced facial features. In this study, a significant reduction during the treatment period established favorable changes in the aesthetics of these patients in all groups, approximating to the ideal values.
Burstone (10) stated that one of the goals of orthodontic treatment is to minimize the stretching of the lips upon sealing in patients with dentofacial disharmonies. In the present study, the basic upper lip and upper lip strain increased in the three groups. The increase was statistically significant in Groups 40 and 44. When comparing Groups 44 and 45, there was a significant increase only in Group 44, probably where the maximum anchorage is required for greater retraction of the incisors. Other factors are associated with lip response in addition to the kind of extraction that the patient has undergone: the complex anatomy of the lip, which often has an intrinsic response property (7, 14, 15, 21) , and tension at the time of radiography (6, 7, 16) . The lip tension varies among individuals and among time periods with the same person.
The H angle measures the prominence of the upper lip in relation to the overall soft-tissue profile. This measure was significantly reduced in all groups during the orthodontic treatment and approximated to the norm without matching it. This is in agreement with Cappeli (22), who reported similar findings, suggesting that the differences could be attributed to variability among the Caucasians evaluated in that study.
According to Burstone (9) , support for the inferior incisors and extrusion of superior incisors project the lower lip the same way a flaccid lower lip or an abnormal lip morphology affect the lower lip inclination. The lower lip was significantly reduced from T1 to T2 in Groups 44 and 45. Group 44 had more retraction of the lower lip (1.33) than Group 45 (0.94), which is consistent with some previous studies (4,23). In the lower arch, the extraction of second premolars is a strategy to camouflage Class II maxillary relationships. The mesial movement of inferior molars is stimulated, thereby closing the inferior gaps, correcting the molar Class II relationship. The degree of mesial movement of molars depends on the amount of space left after the alignment of lower incisors and canine retraction. Therefore, the extraction of first superior premolars and second inferior premolars are indicated in cases with an absence of severe crowding or excessive protrusion of the lower incisors (so that the extraction spaces are available for anteroposterior tooth movement and not for the correct alignment of the incisors). The molar moves more forward (5, (23) (24) (25) when the second premolar is extracted and less retraction of the lower lip is expected when this tooth is extracted (4, 23, 24) . However, the lower lip retraction was not statistically significant different between Groups 44 and 45. Hershey (14) and Wisth (21) emphasize that individual variations make lip retraction impossible to predict.
According to Holdaway (8) , the contour of the inferior sulcus to the H line should be in harmony with the shape of the upper lip groove. This measure is an indicator to produce a good handling of the axial position of the lower incisors. Groups 44 and 45 had an increase in the sulcus of 1.23 and 0.62, respectively, with no statistical difference between them. This change approximated these values to the standard values. In Group 40, there were no changes (0.02). In contrast, Wholley and Woods (6) found a significant reduction of the sulcus in their group 45. Our lower lip groove observations also contrast with those of Wholley and Woods (6) and Moseling and Woods (11) , who found large individual variation, with both increases and decreases in the measures. In the present study, only Group 40 showed both increases and decreases in the sulcus (Fig. 4) . Holdaway (8) and Hershey (14) suggest that there is more variation in the lower lip area compared to the upper lip area; yet Moseling and Woods (11) found more correlation and more predictability in the inferior sulcus than the superior.
Intergroup analysis of incremental changes (Table 2) In this study, the inferior sulcus to the H line was the only variable that showed a significant difference among groups. This suggested that, when extracting the first inferior premolars in Group 44, it was desirable a greater retraction of the lip than in Group 45, where second premolars were extracted and there was a greater mesial movement of the molars. Group 40 did not exhibit changes in the measurements of the inferior sulcus, which was expected as no extraction was performed in the lower arch. The measure was in accordance with the recommended 5 mm, and changes were not desired (Table 3) . As the changes caused by treatment to all other variables were similar between groups, it may be suggested that treatment protocols produce equivalent results in patients.
Conclusions
The facial profile results after treatment with various extraction protocols were similar using the Holdaway soft tissue analysis.
